Patients with chronic hepatitis C (HCV) consistently report a reduction in multiple domains of healthrelated quality of life (HRQOL) that does not correlate with liver disease severity. This may in part be due to the use of insensitive HRQOL instruments or extrahepatic factors that independently influence HRQOL. We hypothesized that a past history of substance abuse or active medical and psychiatric comorbidities would correlate with HRQOL scores.
INTRODUCTION
An estimated 3-4 million Americans are chronically infected with hepatitis C (1-3). Clinical symptoms in chronic hepatitis C (CHC) tend to be mild, nonspecific, and intermittent, making it difficult to determine whether the reported symptoms are related to the liver disease itself or other extra-hepatic factors (4, 5) . Nevertheless, patients with CHC report more frequent and severe physical symptoms, such as fatigue and malaise, compared with patients with other forms of chronic liver disease (5) (6) (7) . Moderate impairments in multiple domains of health-related quality of life (HRQOL) have been reported in patients with CHC compared with healthy controls (8 -10) . Several studies have failed to demonstrate a consistent relationship between HRQOL in patients with CHC and liver disease parameters such as serum ALAT (ALT) levels, quantitative hepatitis C virus (HCV) RNA levels, and liver histology (8 -11) . Nonetheless, HRQOL has been shown to significantly improve in patients who have a sustained virological response after treatment compared with virological relapsers and nonresponders (12) (13) (14) . The lack of correlation between HRQOL and liver disease parameters in cross-sectional studies may be due to the use of insensitive generic HRQOL instruments that lack discriminative ability (11) . In addition, failure to account for the impact of extrahepatic factors that may independently influence HRQOL may explain the lack of correlation.
The aim of this study was to determine whether variability in HRQOL scores in a cohort of patients with compensated CHC who had failed previous interferon (IFN) therapy could be explained in part by demographic and extrahepatic clinical variables. We hypothesized that patients with a history of substance abuse, including alcohol abuse or dependence and intravenous drug use (IDU) or dependence, would have reduced HRQOL scores compared with those without such a history because of impaired coping skills and frequent psychological disturbance (15) (16) (17) (18) . We also hypothesized that patients with active medical or psychiatric comorbidities such as diabetes and depression would have reduced HRQOL scores compared with subjects without these comorbidities in light of previous work illustrating the importance of comorbidities in HRQOL (19, 20) . HRQOL was measured by using the modified SF-36 (11, 12, 21) , a disease-specific instrument developed for patients with CHC, and the Health Utilities Index (HUI) Mark II/III, a utility-based, generic HRQOL instrument (22) . Administration of these two multidimensional and complementary HRQOL instruments allowed us to further characterize and compare the type and severity of HRQOL impairment in CHC patients.
MATERIALS AND METHODS

Patient Population
107 patients who had either relapsed or not responded to previous IFN therapy were studied. All patients had been off of IFN therapy for Ն3 months and were being recruited for an investigational protocol of IFN-␣2b and ribavirin (Rebetron, Schering-Plough Inc., Kenilworth, NJ). All subjects met the following inclusion criteria: age Ͼ18 yr, serum ALT level above the upper limit of normal, detectable HCV RNA, previous treatment with IFN for Ն3 months without a sustained virological response, and a liver biopsy obtained within the past 24 months. Exclusion criteria included active substance abuse within the past 2 yr and severe or poorly controlled medical and psychiatric disorders that would preclude the use of IFN and ribavirin. A complete history and physical examination was performed by a single physician investigator (R.J.F.). The number and type of medical comorbidities, defined as medical conditions requiring active treatment and monitoring, was determined using methods similar to those of Kantz et al. (23) . We also identified and recorded a subset of painful medical comorbidities known to be associated with prominent symptoms of bodily pain such as arthritis and low back pain. We obtained written informed consent from all study participants between September 1997 and April 1999 per local institutional review board guidelines.
Confidential Survey
All subjects completed a 56-item questionnaire detailing patient demographics, risk factors for acquiring CHC, substance abuse history, and mental health history. Demographic data included patient age, sex, educational level, ethnic background, employment status, and marital status. CHC risk factors included blood transfusion before 1992, needle stick injuries, intravenous drug use, intranasal cocaine use, tattoo application, and high-risk sexual activity (24, 25) . The estimated disease duration was determined by calculating the amount of time elapsed since the earliest identified parenteral risk factor exposure. In the 10 individuals without an identified CHC risk factor, we defined the duration of infection as the mean duration of infection in those with an identified CHC risk factor or factors.
Quantitative lifetime alcohol consumption was determined by using a modified version of the Skinner score (26) . Periods of regular alcohol intake were determined by subject recall. The estimated amount of alcohol consumption during each period of consistent intake was calculated. Alcoholism or alcohol dependence were defined as existing in subjects who reported prior inpatient hospitalization, formal alcohol rehabilitation, and/or counseling for excessive alcohol consumption. Alcohol abuse was defined as individuals reporting affirmatively to one of the four CAGE questions when drinking in the past (27) .
Quantitative lifetime exposure to intravenous drugs was determined by using a series of questions similar to that used for estimating alcohol consumption. The total number of days of intravenous drug use (IDU) was calculated from subject recall. Intravenous drug dependency was defined as individuals reporting prior drug rehabilitation or counseling, physical dependence, or daily drug use for Ͼ30 consecutive days (28) .
Mental health history was determined from questions of previous emotional or mental health problems requiring treatment such as prescription medication or professional counseling. Individuals were classified as having a positive mental health history if they reported ever receiving treatment for a non-substance abuse-related mental health problem such as depressed mood or anxiety. The subjects receiving active treatment for a mood disorder at study enrollment were classified as having an active medical comorbidity.
Liver Disease
All subjects had compensated CHC with normal prothrombin time, serum albumin, and bilirubin levels. Serum ALT level was used as a surrogate marker of hepatic inflammation. Quantitative serum HCV RNA levels via reverse transcription-polymerase chain reaction and HCV genotypes were determined by a central reference laboratory using previously described methods (National Genetics Institute, Culver City, CA) (29, 30) . Liver biopsies performed within 24 months of study entry were reviewed and classified as showing the presence or absence of cirrhosis.
Health-Related Quality of Life
A multidimensional and complementary assessment of HRQOL was obtained using the modified SF-36 and the HUI Mark II/III. Comparison of generic and disease-specific instrument results allows researchers to maximize the strengths of each instrument while minimizing each instrument's respective limitations (31) .
Modified SF-36.
The modified SF-36, a 69-item questionnaire incorporating the original SF-36 and 6 additional hepatitis-specific subscales, was administered to all study subjects (11, 12, 21, 32) . (The modified SF-36 is also known as the Hepatitis Quality of Life Questionnaire, QualityMetric, Inc., Lincoln, RI.) This instrument assesses generic functioning and wellbeing via multi-item scales measuring the following eight domains: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (V), social functioning (SF), role emotional (RE), and mental health (MH). We also calculated physical and mental health summary scores (PCS, MCS). A CHC-specific module included questions addressing sleep, anxiety, depression, positive well-being, hepatitis limitations, and hepatitis distress. Original SF-36 subscale and summary scores were compared with those of healthy US population controls (33) .
Health Utilities Index
The HUI Mark II/III was administered to all study participants. The HUI Mark II/III is a generic 17-item measurement of health status and HRQOL whose scoring is based upon population preferences for given health states (22) . The Mark III system measures eight attributes of health status: vision, hearing, speech, emotion, cognition, pain, ambulation, and dexterity. Within each attribute of the HUI, there are multiple levels of functioning listed. A combination of levels of functioning across the attributes constitutes a given health state, which allows comparison with published Canadian population norms (34) . The normative data for the instrument were obtained from a nationwide survey of 11, 924 Canadian households in 1991 in which 20,981 individuals over the age of 15 responded. The HUI Mark II/III also provides a utility score that specifies a value for any given health state. Although scores for both the HUI Mark II and Mark III were available for this study, the proportion of patients with attribute deficits was similar using the two instruments (data not shown). As a result, only the results for the HUI Mark III are presented.
Statistical Methods
Descriptive statistics were calculated and reported as the mean Ϯ SD unless indicated otherwise. Modified SF-36 and HUI Mark III scores were determined with Excel software, and statistical analysis was done with SPSS for Windows 1997 (SPSS Inc, Chicago, IL). Original SF-36 subscale and summary scores were compared with healthy US population controls using one-sample t tests. Univariate analysis of associations among clinical variables of interest and the 10 subscales and summary scores of the original SF-36, the six subscales of the hepatitis-specific module of the SF-36, and the eight dimensions of the HUI Mark III were determined using correlations, 2 , and Kruskal-Wallis tests. Similarly, the individual results of the modified SF-36 and HUI Mark III were compared by using Kruskal-Wallis tests. Because of the limited sample size and the large number of clinical variables correlated with HRQOL scores, multiple regression analyses were not performed. A p value of Ͻ0.05 was considered statistically significant.
RESULTS
Study Population
The majority of the 107 study participants were employed, married, Caucasian men ( Table 1 ). The quantitative HCV RNA levels and distribution of HCV genotypes were comparable to that reported in other studies of US patients with CHC (2, 35) . A minority of study subjects, 9%, had no identifiable parenteral risk factor (24) . The mean estimated duration of CHC infection was 24 Ϯ 7 yr.
Fifty-seven percent of the subjects had at least one active medical comorbidity, and 20% of subjects had more than two. Depressed mood (21%), hypertension (14%), and diabetes mellitus (6%) were the most frequently identified active medical comorbidities (Table 2) . Twenty percent of the study participants had an active medical comorbidity known to be associated with prominent symptoms of bodily pain (e.g., arthritis, migraine headache). A positive mental health history was identified in 42% of the study participants. Mental health disorders requiring current or past treatment included the following: depressed mood in 38 patients, depressed and anxious mood in 3 patients, anxious mood alone in 2 patients, and insomnia in 1 patient. At the time of the study, 83% of the participants reported complete abstinence from alcohol, whereas 17% reported consuming a mean of 9.8 Ϯ 3.2 drinks per week. However, 52% of study participants met criteria for a diagnosis of alcoholism or alcohol abuse in the past. Estimated lifetime alcohol consumption varied from 0 to 80,000 drinks and significantly correlated with a history of alcoholism or alcohol abuse (p Ͻ 0.001). Fifty-one percent of study participants related a history of previous IDU, but none of the study participants were actively using intravenous or illicit drugs at the time of the study. One-third of the 55 subjects with a past history of IDU met criteria for drug dependency. Quantitative lifetime IDU exposure positively correlated with a past history of IDU dependency (p Ͻ 0.001). Thirtysix percent of study participants reported a history of both alcohol abuse and IDU.
Modified SF-36
The study population had significantly lower scores than did healthy US population controls on all original SF-36 subscales except for the role emotional and the mental health summary scores (Fig. 1) . CHC risk factors, quantitative alcohol consumption, alcoholism or alcohol abuse history, IDU history, and quantitative IDU exposure and dependency history were not significantly correlated with SF-36 scores. The patient demographic characteristics of age, education, and employment status also did not correlate with SF-36 scores. However, gender and marital status correlated with select SF-36 subscales: female gender with reduced physical functioning (p ϭ 0.049) and role emotional (p ϭ 0.015); and single marital status with reduced mental health (p ϭ 0.027). The hepatitis-specific subscales of the modified SF-36 did not correlate with alcoholism history, quantitative alcohol and IDU exposure, IDU dependency, CHC risk factors, or most demographic variables. However, the modified SF-36 dimension of positive well-being correlated positively with marital status (p ϭ 0.041) and age (p ϭ 0.043), and anxiety correlated with female gender (p ϭ 0.049).
The liver disease parameters of serum ALT level, quantitative HCV RNA level, HCV genotype, and the presence or absence of cirrhosis demonstrated no correlation with original or hepatitis-specific SF-36 scores. By contrast, the presence and number of active medical comorbidities demonstrated strong correlations with SF-36 summary and subscale scores (Fig. 2) . In particular, patients with painful medical comorbidities or depressed mood requiring treatment had lower modified SF-36 scores than did patients without either of these comorbidities ( Table 3 ). The hepatitis-specific SF-36 subscale scores of sleep, hepatitis distress, and hepatitis limitations were also strongly correlated with the presence of medical comorbidities.
HUI Mark III
Thirteen percent of the study participants reported no deficits on the HUI Mark III, compared with 29% of healthy population controls (p ϭ 0.001). Fifty-seven percent of the study population reported having two or more deficits on the HUI, compared with 33% of healthy population controls (p ϭ 0.001). Deficits in vision, cognition, emotion, and pain were the most commonly affected attributes in the study population. The prevalence of emotional and pain deficits was significantly greater in the study population than in healthy population controls (p Ͻ 0.001). (Fig. 3) The frequent appearance of reduction in vision may reflect the fact that only adults were included in this study, whereas population data reflect those over age 15. In addition, visual acuity is known to decline with age (36) . HUI deficits were not correlated with liver disease parameters, CHC risk factors, quantitative alcohol consumption, alcoholism history, IDU history and dependence, nor quantitative IDU exposure. The presence of medical comorbidities, however, was The mean HUI utility scores of the study population (0.84 Ϯ 0.15) were significantly lower than those reported in the general population (p Ͻ 0.001) (38) .
Correlations Between the Modified SF-36 and HUI Mark III Scores
Comparison of the HUI Mark III attribute scores and modified SF-36 subscale scores (Table 4 ) yielded many expected associations, including the following: 1) HUI emotional deficits correlated with lower scores on the original SF-36 subscales of role physical, role emotional, mental health, vitality, social function, general health, and mental health summary scores as well as with the hepatitis-specific SF-36 subscales of anxiety, depression, positive well-being, and hepatitis distress; 2) HUI pain deficits correlated with lower scores on the modified SF-36 subscales of physical functioning, role physical, bodily pain, vitality, social functioning, general health, sleep, depression, hepatitis limitations, and physical health summary scores; and 3) HUI cognitive deficits correlated with lower scores on the modified SF-36 subscales of physical functioning, role physical, bodily pain, mental health, vitality, social functioning, general health, depression, positive well-being, hepatitis limitations, hepatitis distress, and the mental health summary score. (Table 3) In addition, HUI utility scores significantly correlated with all of the modified SF-36 subscales (p Ͻ 0.01). However, some of the correlations between the HUI Mark III attributes and modified SF-36 scores were unexpected. For example, the SF-36 physical health summary scores correlated with the HUI deficits of cognition and emotion. In addition, the hepatitis distress and hepatitis limitation scores were strongly associated with the HUI dimensions of ambulation, cognition, emotion, and pain.
DISCUSSION
CHC is frequently diagnosed in asymptomatic individuals coming under medical attention for incidental reasons or in patients presenting with nonspecific symptoms of fatigue and abdominal pain. Although it is difficult to establish a relationship between the presence and severity of compensated CHC and clinical symptoms, patients with CHC consistently report moderate impairments in multiple domains of HRQOL (8 -11) . The aim of this study was to identify clinical factors that may in part explain some of the reported impairments and variability in HRQOL in ambulatory patients with compensated CHC. In this study of 107 CHC patients who failed previous IFN therapy, original SF-36 subscale and summary scores were significantly reduced compared with those of healthy population controls (Fig. 1) . The magnitude of reduction in HRQOL scores was comparable to that seen in patients with other uncomplicated chronic medical illness such as diabetes mellitus and hypertension (39) . Our study population may not be representative of the full spectrum of patients with CHC. The patients were being screened for participation in a clinical trial at a tertiary care center. As such, they may have had more symptomatic or severe liver disease. In addition, all of these patients had failed previous IFN therapy, which may have influenced their health status perception and sense of well-being. As a result, these patients may represent a subgroup of CHC patients with more advanced liver disease or other complicating issues. Together, these factors would suggest that the HRQOL scores of our study population may overestimate the impact of CHC on HRQOL. However, when comparing the level of impairment in the modified SF-36 scores to other published studies involving larger numbers of patients as well as treatment-naive patients, the quality and quantity of HRQOL impairment were similar (10, 11) . In addition, the high prevalence of substance abuse, identified CHC risk factors, and disease duration in our study population is similar to what has been reported in other studies (10) . Therefore, our study population is presumably comparable to that reported in other studies of HRQOL in patients with CHC.
As in other reports, we failed to demonstrate a relationship between the original and hepatitis-specific SF-36 subscale and summary scores and several liver disease parameters (i.e., serum ALT, HCV RNA, HCV genotype, presence of cirrhosis) (8 -11) . Similarly, there seemed to be no relationship between HUI deficits and liver disease parameters. It should be kept in mind, however, that serum ALT is not a reliable predictor of the severity of histological hepatitis in CHC (40, 41) . Nonetheless, these observations PF ϭ physical function; RP ϭ role physical; RE ϭ role emotional; BP ϭ bodily pain; MH ϭ mental health; VT ϭ vitality; SF ϭ social function; GH ϭ general health; PWB ϭ positive well-being; HepLim ϭ hepatitis limitations; HepDis ϭ hepatitis distress; PCS ϭ physical health summary score; MCS ϭ mental health summary score.
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Quality of Life in Chronic Hepatitis C suggest that extrahepatic factors may play an important role in determining HRQOL in CHC. Demographic variables of age, educational level, and employment status did not explain the variability in the modified SF-36 subscale and summary scores. This may in part be due to the limited heterogeneity in these variables in our study population (Table 1) . Contrary to our hypothesis, a past history of alcoholism or alcohol abuse identified in 52% of study subjects did not correlate with modified SF-36 scores or with HUI deficits. This finding is somewhat surprising in light of previous work demonstrating that alcoholics have impaired coping skills and a higher incidence of psychopathology, which we hypothesized would lead to lower HRQOL scores (15, 16) . In addition, a history of IDU or intravenous drug dependency did not correlate with modified SF-36 scores or HUI deficits. This finding was also unexpected because previous studies have shown that subjects with a history of IDU have psychological disturbances that may lead to a reduction in HRQOL (17, 18, 42, 43) . Furthermore, a recent study suggested that CHC patients with a history of IDU have a trend toward reduced HRQOL compared with subjects who acquired CHC through other means (10) . It is possible that the extended period of time that elapsed from pathological alcohol consumption and IDU exposure to the current study (alcohol ϭ 6.0 Ϯ 4.9 yrs; IDU ϭ 17.6 Ϯ 7.6 yrs) may explain the lack of correlation of these clinical variables with HRQOL scores.
The clinical variables that correlated the best with modified SF-36 scores were the presence of psychiatric and medical comorbidities, particularly painful medical comorbidities (Table 3) . Medical comorbidities also strongly correlated with HUI scores. The prevalence and type of medical comorbidities identified in our study population are comparable to those reported in other large surveys of ambulatory medical patients (19) . Previous studies have demonstrated that the type and number of medical comorbidities are one of the strongest correlates of HRQOL scores (19, 20) . Furthermore, studies have demonstrated that painful medical comorbidities such as low back pain or arthritis have the greatest impact on HRQOL (44) . Recently, the cost of care and resource utilization in patients with compensated CHC has been linked to the presence of medical comorbidities (45) .
A non-substance abuse-related mental health history and, in particular, depressed mood requiring active treatment, also strongly correlated with HRQOL scores as expected (Table 3 , Fig. 2 ). Thirty-eight percent of the study participants had a positive mental health history due to depression, and 21% were receiving treatment for depressed mood. The prevalence of depressed mood in our population is similar to that reported in studies of outpatients with other chronic illnesses and in patients with CHC (46 -50) . The high prevalence of depression in patients with CHC may in part be due to the route of infection, the psychological burden of a chronic illness, or the liver disease itself (46, 51) . One recent study reported that individuals who knew they were seropositive for CHC had lower HRQOL scores than did subjects who were unaware of their serostatus (52) . These findings suggest that the psychological impact or worry of being diagnosed with CHC is substantial. Our data demonstrate that depressed mood is an important clinical correlate of HRQOL in patients with CHC (45, 53) .
HUI Mark III deficits in bodily pain and emotional attributes were more common in patients with CHC compared with healthy population controls (Fig. 3) . HUI utility scores were also significantly lower in the study group compared with population controls (p Ͻ 0.001). The level of reduction in HUI utility scores corresponds to the magnitude in reduction reported in patients with asthma or early HIV infection (54, 55) . Utility scores were not significantly associated with patient demographics, liver disease severity, substance abuse history, or mental health history. However, medical comorbidities (p Ͻ 0.001), especially painful medical comorbidities (p Ͻ 0.001), were significantly associated with lower utility scores among study patients (Data not shown).
It is possible that the HRQOL instruments selected for this study may not be adequately sensitive to detect meaningful differences in HRQOL scores in patients with varying severity of CHC. For example, the HUI Mark III is a generic instrument and has not been previously validated in patients with CHC, although it has been studied and validated in other conditions (54, 56) . Similarly, the SF-36 is a generic instrument that may lack disease specificity in CHC (11) . However, the modified SF-36 provides supplemental information in several generic domains as well as in the diseasespecific domains of hepatitis distress and hepatitis limitations and has been shown to be psychometrically valid (11, 21) . Two large longitudinal studies using the modified SF-36 have shown that HRQOL scores improve to the level of those of healthy controls after viral eradication, suggesting that it is a valid and sensitive instrument for measuring HRQOL in patients with CHC (13, 14) . In addition, our study demonstrated consistent reductions in HRQOL scores across the SF-36 subscale and summary scores, the disease-specific SF-36 subscale scores, and the HUI scores, suggesting that the instruments used and the relationships observed are valid in this patient population. Furthermore, comparison of HUI Mark III scores with SF-36 scores demonstrated many expected associations (Table 4) .
In summary, substance abuse history did not correlate with HRQOL scores. However, as hypothesized, the presence and number of active medical and psychiatric comorbidities were a strong predictor of HRQOL scores. We conclude that future studies that control for the presence of medical and psychiatric comorbidities in large groups of CHC patients with varying severity of liver disease are needed to confirm our findings and improve our understanding of the determinants of HRQOL in CHC.
